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Abstract-Electrical drives with induction motors have been dominant in industry, residency and in automotive sector. So far the using of induction motor in these sectors has been a good choice because of its reliability, long life, simple structure, stability, etc. Technological progress in magnetic material technology, power electronics, integrated circuits and microcontrollers have created the conditions to design new types of the motors such as brushless direct current (BLDC) motors. BLDC motor possesses many advantages comparing with induction motor also DC motor. The using of intelligent control methods improves its performance. These reasons bring to an increasing of the application of this motor in many sectors. The paper aims to show a way of increasing the efficiency of electrical drives through replacing the induction motor with the BLDC motor (BrushLess Direct Current motor). In the paper is compared indirectly the efficiency of a three-phase brushless DC motor with single phase induction motor used in fan application. The analysis is specifically related to low power fan applications. Based on the experimental results presented in the paper is clearly noticed that BLDC motors used in fan application can increase efficiency and bring energy saving up to 35% compared to three-phase induction motors.
Index Terms-Brushless Direct Current Motor; Efficiency; Induction Motor; Losses.
I. INTRODUCTION
The creation of the legal framework for improving the electrical energy efficiency, increasing the security of energy supply, minimizing the negative impact on the environment it is the goal of the Albania government. The Law of Energy Efficiency 124/2015 and The Second and Third National Energy Efficiency Action Plan of Albania (NEEAP), approved on December 2017, help in this direction. There are many ways to arrive the improvement of the energy efficiency in Albania as they are described in NEEAP 2017.They are planned to achieve the indicative targets in the year 2020 [14] .
NEEAP is focused on improving energy efficiency in all sectors. The values of the electrical energy saving within each sector are shown in the Table I . [14] . It looks clear from the indicative target that the residential, industry sectors have in important role in energy savings. Knowing that electric motors are used in many applications from appliances to power tools using energy efficient motor in such applications will bring potential energy savings in these sectors. The residential sector in 2013 consumed 60% of electricity in Albania and the consumption will be increased with 2.2% in every year until 2030 [14] . The Published on August 10, 2018. L. Nakuçi, Harry Fultz Institute,Tirana, Albania. loreta.nakuci@gmail.com A. Spahiu, Polytechnic University, Tirana, Albania.aida_spahiu@yahoo.com paper aims to show that using energy efficiency electrical drives in residential applications can give their contribution in reducing of energy consumption. The paper is focused in using of BLDC (Brushless Direct Current) motor instead of induction motor in fan application. A significant amount of motor applications are found in the form of fan applications such as bathroom exhaust fans, kitchen hood exhaust fans, appliance cooling fans, dryer exhaust fans, desk fans, inline fans, axial fans, attic ventilator fans, roof ventilation fans, radon fans, etc. Typical ventilation fans vary from 30W to 80W for residential applications. Types of the motors used in the fan applications are brushed DC motors, single-phase AC induction motors, shaded-pole induction motors, three-phase induction motors etc. [6] .
This paper specifically relates low-power fan applications that include ventilation fans. The selection criteria of the motor includes efficiency, system cost, power quality, mechanical vibration, torque ripple, product life etc.
Historically, one-phase induction motors are commonly used in low power applications. But the production of permanent magnets with a higher energy product has enabled the production of a torque exceeding the torque value of a phase induction motor of the same size. These developments in magnet technology and 'enabling technology' in power semiconductors and integrated circuit lead to the using of non-classical motors such as brushless direct current motors (BLDC) and steppers in variable speed applications as fan application is [1] . After using the permanent magnet motors in the industry and in the transportation sectors, now it is transitioning even in the residential and commercial sectors, especially for the higher efficiency, cost effectiveness, reduced noise and the ability to reach higher rotational speeds [2] .
There are two main ways to improve energy efficiency in fan application: using energy efficient motor, using variable speed drives to control fan flow [2] . The paper proposes as an effective way to reduce energy consumption the replacement of induction motor with BLDC motor in fan application. 
New Efficiency Classes of Induction Motors
Alternative current induction motors are mass-produced by many manufacturers around the globe and sold in standard catalogue types and sizes because they are cheap and cost-effective during converting the electrical energy into rotational mechanical energy. They are effective to drive pumps, fans, compressors etc. at fixed speed. An induction motor to a general-purpose drive is considered to be power effective if it is increased power factor and reliability there are decreased capital and operation expenses and technical maintenance including. So the induction motor results as the most economic one which is common in design, simple and has a low cost at high sufficient reliability.
With the "efficiency" is meant how efficiently an electric motor provides the mechanical energy through transforming electrical energy. In many countries around the world was developed Energy efficiency standards which were very different from the European system. That was the reason for the European motor manufacturers in CEMEP, to develop an energy efficiency standard for the International Electro Technical Commission (IEC). The objective was to have a common international standard that replaces all the different national systems.
The new international standard, IEC 60034-30:2008, defines efficiency classes IE1, IE2 and IE3 for three-phase motors. This ensures a common international basis for the design and classification of motors as well as for national legislative activities. At the same time, the IEC developed improved methods for determining the efficiency of these motors. The efficiency class system specified under IEC 60034-30 is valid for low voltage three-phase cage induction motors [6] . Energy Efficiency Motor (EEM) is manufactured using the same frame as a standard motor, but they have some differences:
In the rotor, high quality aluminum, reduced fan losses, a greater length, closer machining tolerances, optimized air gap. In the stator, thinner steel laminations, more copper in the windings, higher quality.
On the Fig. 1 is represented the new Efficiency Classes for thee phase induction motors with:
-Rated voltage up to 1,000 V; -Rated output between 0.75 kW and 375 kW. Either 2, 4 or 6 poles; -Rated on the basis of continuous duty (S1) or intermittent periodic duty (S3) with cyclic duration factor of 80% or higher; -Capable of operating direct on-line; -Rated for operating conditions in accordance with IEC 60034-1 (temperature, installation altitude, etc.). 
II. ADVANTAGES OF ENERGY EFFICIENCY MOTORS
There are several advantages to energy efficiency motors as: -Lower energy cost.
-Higher power factor. The amperage draw of the high efficiency motors is lower, and the electrical demand charges are reduced. -Energy efficiency motors tend to run cooler, as consequence, the life of the motor is expected to be longer. -Smaller, less expensive power factor correction equipment is needed with energy efficiency motors.
Advantages of energy efficiency motors:
 The productivity is increased  The energy's cost is decreased.  The power factor is higher.  The correction device of power factor is smaller and less expensive  Lower temperature,  longer life.  Reduction of noise,  lower maintenance costs  Ability to handle the overload  Improving the resistance of abnormal operating conditions as under voltage and over voltage, phase unbalance, etc.  Advantages in application with power supplies coming from inverters Economic conditions lead to one of these ways:
1. New EEM purchase instead of repairing a faulted standard one. 2. Replacement of an old standard motor with an energy efficiency one. 3. Replacing existing motor with lower energy efficient motor [2] .
III. ENERGY IMPACT OF NEW EFFICIENCY STANDARD
The influence on the economic evaluation for EEM has energy and power cost (€/kWh and €/kW), rated motor power, rated motor efficiency, load factor and a number of operating hours per year, etc. [7] . Before making investment decisions to evaluate the total economic benefits of a particular drive system, it is important to conduct a life cycle cost (LCC) analysis.
A very simple LCC analysis can be carried out as a component for the motor. The energy costs during the usage phase are significant. The annual energy used and the electricity price influence the cost of operation on electric motors. After that the LCC can be calculated.
where: h -annual running time (hours), P n -motor rating in kW, LF% -load factor, c-electricity cost in €/kWh, st  -efficiency of standard motor, em  -efficiency of energy efficient motor IV. VARIABLE SPEED DRIVE Compressors, pumps and fans are the equipment mostly used even in commercial and residential sectors. In the constructions with constant speed, motors are designed with bigger size because of the overloads that often occur in the system increasing the system's capacity for the future. They rarely operate at their designed load due to safety factors. This leads to a bigger size of the motor.
However, systems in the residential and commercial sectors could get advantages from a variable frequency drive adjusting motor speed that can operate in accordance with the given requirements. The relationship between speed and power for fans, pumps, and compressors, is such that a 10% reduction in speed generally results in 30% reduction in power. Therefore, operating fans, pumps or compressors at lower speeds for longer periods can lead to reduced total energy consumption. Operating at a lower, more continuous speed also eliminates other system losses associated with the on/off operation of conventional single-speed systems. In a constant load application, adding a VSD could actually decrease overall efficiency due to inefficiencies in the drive itself. There are relationships of efficiency versus load in a variable speed drive. If the load is less than 25% of the rated load, the efficiency is lower too. Higher value of efficiency is obtained by a load higher than 25% of the rated one. In most cases the speed regulation of the ventilator is not required, therefore the motor control is usually an open-loop control with a sensor or sensor less.
V. BLDC MOTOR BLDC Motor (Brushless Direct Current) motor is the DC motor without brushes. Given the name, the most important characteristic is that it is without brushes to transform the DC current into AC current. They are replaced by electronics circuits, consequently they do not have sparks, do not need maintenances that lead to a long life. Thus, the development of this motor shows that it possesses even more positive characteristics if it is compared to the Induction and DC motor. This is the reason why BLDC motors are used in many fields.
BLDC Motors are not like the standard motors. These motor are the result of research not only in the field of motor design but also in other areas such as power electronics, magnetic materials with very good magnetic properties.
They are called Synchronous Motors because the rotor has the same speed as the magnetic field of the stator generated by motor magnetic force (m.m.f) of the stator winding. So, there is no slip between the stator and the rotor field of the BLDC motor. BLDC motors can be one or three phases. They can be found in many designs, but the most important group are: in runner motors and out runner motors. The in runner motors have the rotor inside the motor. They can produce higher speed with lower torque. Out runner motors are designed with the rotor outside the motor and they enable lower speed with a higher torque.
The changes in the construction that produced a better performance are: A-the use of permanent magnets created from rare earth materials (Neodymium, Ferrite, Boron). These magnets create strong magnetic field, as a consequence this motor does not need the pole windings that bring less electrical losses, lower volume and weight. B-the replacement of brushes with electronic circuits to transform the DC current into AC current. No Spark, no noise, no brush consumptions, no maintenances etc. Electrical and mechanical losses are eliminated. C-the existence of a feedback between the position of the rotor and the voltage sequences that energize the stator windings. This feedback brings the linear mechanical characteristic, wide range of speed, higher starting torque and possibility of better control. The detection of the rotor position is made by hall sensor, optical encoder or resolvers or from the sensorless method. D-the electronic controller creates the possibility of using the advanced control method, sensorless and intelligence that leads to a higher performance of the motor.
The BLDC motor is called the miracle of technology, because of the excellent performance, that comes from its attributes. In the Table II the characteristics of this motor compared to those of the induction and DC motors are listed.
The paper is focused on a three-phase BLDC motor. The formulas used for calculating the losses of three phase BLDC motor are presented at formulas, (2),(3), (4 Motor efficiency is quantified as equations:
As it is seen there are no cupper losses in the rotor of the BLDC motor. The magnetic field of the rotor is created by strong permanent magnets [6] . [3] , [4] , [7] - [12] Characteristics Induction motor DC motor BLDC Motor (Brushless DC motor) Losses
Higher losses compared to DC motor
The losses are lower than those of the induction motor.
Lower losses than DC and induction motors because of elimination of pole winding and brushes.
Efficiency
Lower than DC and BLDC motors because of higher losses.
Higher than induction motors.
Using of the permanent magnet brings the elimination of pole winding, using of the inverter brings the elimination of the brushes, as a consequence of these decreasing of the losses and increasing the efficiency.
Thermal performance Thermal performance of the induction motor is better than the DC motor's performance. It is worse than thermal performance of the BLDC motor.
Thermal performance of the DC motor is worse than performance of the induction motor and BLDC motor.
Thermal performance of BLDC motor is the best. Thermal losses are in the stator winding and stator core, which in the most cases is on the outer part of the motor and the heat can easily go out. 
VI. MATERIALS AND METHODS
This case study is based on [6] , where we highlight the experimental data comparing efficiency between a shaded pole single-phase induction motor fan application and a three-phase BLDC motor application. The power of both motors are less than 100W. The same fan is driven by shaded-pole single-phase induction motor and after that by three-phase BLDC motor.
A. Analytic Process
The efficiency of the motor is calculated as the ratio of the output power with the input power. The formulas are given:
If it is assured the same output power for both motors, then the motor which consumes the lower input power has the higher efficiency.
The steps to be followed: a) to assure the same output power for both motors, b) to measure the input power for both motors, c) to compare the input power of both motors for the same speed, d) to calculate the saving energy when it is replaced the IM motor with the BLDC motor.
P out,IM = P out,BLDC . As it is known, the operating point of an electrical transmission is defined by cutting point of the mechanical characteristic of the electrical motor and the mechanism, (in this case the fan). The mechanical torque of the fan is a function of the mechanical speed which is given by a parabolic curve as it is shown on the Fig. 3 . The power required to drive the fan with a specific speed and correspondent torque is calculated as: If the motors are rotated with the same speed, and if it is used the same fan blades then the load torque defined by the mechanical curve of the fan is the same. The same speed of rotation with the same fan blades for both motors means the same output power.

The shaded pole single-phase IM speed was with autotransformer changed, whereas the BLDC motor speed was varied electronically. The block schemas are given on the Fig. 4 .
Indirect measurement of input power for both motors when they drive the same ventilator with the same speed.
For different speeds, it is measured the input voltage, current and power factor for the induction motor. The input power is calculated:
The results are put in the Table III. For different speeds, it is measured the input voltage, current for the BLDC motor. The input power is calculated
The results are put in the Table IV . The volume of BLDC motor is about 2 times smaller than induction motor so the BLDC power density is higher compared to that of the induction motor. The BLDC motor is supplied by 11.1V battery and the induction motor is supplied by 220V from the power system. [6] , [11] - [13] It is not presented the exact operating point in terms of torque and speed.
On the Fig. 5 is presented the experiment place, and on the Fig. 6 , the components of BLDC motor. 
C. Data from the Experiment
All the data from experiments are put in the Tables III,  IV. Table V is the summary of the Table III and IV. The input power versus speed for both motors are shown on the Fig. 7 . In Table V , the input powers of both motors are compared and their ratio is calculated. In the Table VI, the energy consumed for both motors is calculated for a normal work of 4 hours per day in one year, and the energy savings by replacing induction motor with BLDC motor they are represented on the Fig. 8 . 
VII. RESULTS AND CONCLUSIONS
Measuring the input power of an induction motor and a BLDC motor driving a ventilator results in:
1. The BLDC motor consumes less energy than the shaded-pole single-phase induction motor. The ratio of power consume, between induction motor and BLDC motor for a same speed is on average 3 times more. 2. The energy saving when the induction motor is replaced with a BLDC motor driving a ventilator for 4 hours in a day for one year, is from 10.09 kWh 16.65kWh, calculated for a different number of rotations. Since the number of such ventilators is high, the saving of electrical energy must be taken in consideration. Saving of electrical energy when driving the fan is ensured by replacing the shaded-pole single-phase induction motor with BLDC motor. This replacement brings even more advantages such as no noise, no maintenance, low volume and weight, etc. Especially this is important in applications with variable speed drives because of fast dynamic respond, less waiting time etc. The conclusions are in accordance with the recommendations of literature.
In the industrial and residential sectors, the main use of energy is the conversion of electromechanical energy. This conversion is usually done by electric motors. If it is used an efficient form of the conversion of the energy, then it reduces the cost of energy and the impact in the environment. The induction motor was for a long time a favorable solution compared to ceramic magnet motors that were not a cost effective solution to generate a strong magnetic field for energy conversion. But advancement in magnetic materials creates the conditions for designing a new, cost-effective motor such as BDC motors. They have shown to offer a better efficiency compared to single-phase induction motors.
This document provides through the experiment that the BLDC motor is more efficient compared to the shaded-pole single-phase induction motor. The data show that BLDC motor can improve efficiency 3.5 times more than a singlephase induction motor. [11] . This approach is helpful as the general BLDC motor systems will be compact and lighter.
These concussions are in accordance with the guidelines provided from the government for motor system efficiency and performance criterion. The usage of BLDC motor instead of induction motor is superior in terms of performance and efficiency.
